Composites based on resorcinol formaldehyde latex (RFL) coated aramid short fiber and a polyolefin based thermoplastic elastomer, namely ethylene octene copolymer (EOC) were prepared by melt mixing technique. The effects of both fiber loading and its length on the mechanical and thermal characteristics of the composite under natural and sheared conditions were investigated. Both the low strain modulus and Young's modulus were increased as a function of fiber loading and length. However, thermal stability of the composite was found to enhance with increase in fiber loading and was independent of fiber length. Due to poor interfacial interaction between the fiber and the matrix and the formation of fiber aggregation especially with 6 mm fiber at high loading, the elongation and toughness of the composite were found to decrease drastically. In order to solve this problem, a maleic anhydride adducted polybutadiene (MA-g-PB) was applied on the aramid fiber. The improvements in tensile strength, elongation at break, toughness to stiffness balance and a good quality of fiber dispersion especially with 6 mm short fiber were achieved. These results indicate the potential use of maleic anhydride adducted PB as a multifunctional interface modifying coupling agent for the aramid short fiber reinforced polymers to enhance the mechanical properties as well as fiber dispersion. FTIR analyses of the treated fiber and SEM analyses of the tensile fractured surfaces of the composite strongly support and explain these results.
Introduction
Polyolefin based thermoplastic elastomers (TEO) have received considerable attention due to their chemical inertness, low density and low cost compared to other thermoplastic elastomers (TPEs). Ethylene octene copolymer (EOC) is a new class of polyolefin based metallocene catalyzed thermoplastic elastomers, which have recently gained much attention because of their random comonomer distribution, narrow molecular weight distribution and a controlled level of long chain branching [1, 2] . Moreover these are available in pellet form that helps in easy handling, faster mixing and compounding. Compared to the well known conventional polyolefin elastomer EPDM, EOC exhibits faster mixing and better dispersion when blending with thermoplastics like PP, PE etc. The structure and properties of a random ethylene octene copolymer strongly depends on the composition of ethylene and 1-octene as well as the condition of crystallization. The crystallinity decreases with increasing concentration of the comonomer 1-octene. The yield stress and the modulus at higher strain decrease as the comonomer content of EOC increases, which is due to the decreasing crystallinity. The low crystalline ethylene 1-octene copolymers behave like TPE by exhibiting a stress-strain curve similar to TPE. The use of this polymer has been tested very successfully as an impact modifier for PP by many researchers [3] [4] [5] . Recently our research group studied the use of EOC as an alternative for the traditional EPDM/PP blend and developed a new class of EOC/PP based thermoplastic vulcanizates (TPVs) by the dynamic vulcanization process with peroxide assisted co-agents [6] [7] . EOC and functionalized EOC find application as an impact modifier to other polar and brittle thermoplastics also. Chapleau et al. reported the impact modification of polyethylene terephthalate (PET) with an Engage grade of EOC by chemical compatibilization of the two with the addition of glycidyl methacryalate (GMA) grafted polyolefins [8] . Aróstegui and Nazábal [9] developed a super tough polybutylene terephthalate (PBT) by melt blending with 20% EOC and different levels of difunctional epoxy resin in a twin screw extruder followed by injection molding. The impact modification of polyacetal (POM) with EOC by dynamic vulcanization with dicumyl peroxide was reported by Uthaman et al. [10] . Guerrica et al. developed an EOC toughned polymethylene terephthalate (PMT) compatibilised with partially malenized EOC [11] . Yu et al. [12] preapared a super tough Nylon 6 by using maleated EOC as a toughener. Though EOC enhances the low temperature impact resistance for both the commodity thermoplastics like polypropylene and engineering thermoplastics like PET, Nylon, POM etc, the sole use of this TPE is limited for load bearing and high temperature engineering applications because of its poor mechanical properties especially low strain modulus, poor dimensional stability and low thermal stability. Reinforcing the EOC with proper reinforcing agent, which can enhance both strength and thermal stability is one of the ways to overcome this problem. The reinforcement of thermoplastic elastomers with short fibers have gained much attention in the recent times, since it can reinforce the matrix and can give good strength and stiffness comparatively with a low volume fraction of fibers [13] . Moreover, the TPE-short fiber composites can be recycled easily. Among the short fibers available, aramid is one of the good candidates in the short fiber arena. These kinds of fibers have a unique combination of strength, stiffness and high temperature stability. However, it shows lesser mechanical bonding (adhesion) with the polymer matrix. The application of chemical treatment like N-alkylation, RFL dipping, plasma treatment and polymer grafting to improve surface roughness and to bring various functional groups on the fiber surface is highly required for these kinds of fibers to improve the adhesion with the elastomeric matrix. Generally, for polar fibers like Rayon, Nylon etc. sufficient rubber adhesion is achieved by treating and curing the fiber with resorcinol formaldehyde latex (RFL) dip prior to its incorporation in the rubber matrix. The resorcinol formaldehyde (RF) component promotes adhesion to the cord via polar or covalent interaction, while the dried latex (L) co-vulcanizes with the rubber matrix ensuring adhesion to that matrix. For aramid fibers, simple treatment with RFL leads to rubber composite exhibiting low fiber to matrix adhesion with failure often occurring at the fiber-RFL dip interface. This is due to the physical structure of the aramid, which being highly crystalline provides an uninviting surface to the components making up the RFL. Excellent aramid to rubber adhesion can be achieved by first activating the aramid with low molecular weight and highly reactive epoxies prior to RFL treatment. These kinds of treatment on the fiber surfaces impart some roughness on the fiber surface, which allows more micromechanical interlocking between the polymer and the fiber leading to higher bond strength even though other interactions may be weak [14] [15] [16] . The use of a reactive compatibilizer like maleic anhydride grafted polymer with a non polar part having a structure similar to the polymer matrix is also used to bring fiber-matrix interaction in aramid fiber reinforced composites [17] . Many researchers have reported various studies carried out with different kinds of aramid short fibers on a variety of thermoplastic elastomers. Arroyo and Bell [18] reported the morphology/behavior and recyclability of the Twaron ® fiber reinforced PP/EPDM TPE. Kutty and coworkers [19, 20] extensively studied various aspects of Kevlar ® short fiber reinforced polyurethane based thermoplastic elastomer systems. Recently Akbarian et al. [21] reported dynamic mechanical and rheological behavior of a Twaron fiber reinforced ester based thermoplastic polyurethane. However, only very few literatures are available regarding the reinforcement studies of EOC with short fibers [22, 23] . There seems to be no previous studies made on the reinforcement aspects of ethylene-octene copolymers with any kind of aramid short fiber in general and short RFL coated Technora aramid fiber in particular. Very recently the authors [24] have reported on the mechanical, morphological and rheological behavior of EOC with RFL dipped Technora aramid short fiber having a fixed aspect ratio and the effectiveness of MA-g-PB as a compatibilising agent between the fiber and the EOC matrix. The present paper focuses on the mechanical and thermomechanical properties of EOC reinforced with aramid fiber having different aspect ratios at different loading levels with special reference to fiber orientations and the effect of a low molecular weight maleic anhydride grafted 1,2 polybutadiene (MA-g-PB) as an interface modifier to maintain toughness to stiffness balance at higher fiber loading. ) having a number average molecular weight (M n ) of 5300, a specific gravity of 0.9 g/cc and maleic anhydride content of 5% was obtained from Sartomer Company, USA.
Experimental

Preparation of composites
Formulations used for the preparation of the composites are given in Table 2 . The short fiber loading was varied from 1 to 10 phr. All the composites were prepared by melt mixing of the components in a Haake Rheomix 600 OS internal mixer having a chamber volume of 85 cm 3 at a temperature of 80°C with a rotor speed of 80 rpm for 10 minutes. In order to achieve better dispersion, half portion of the polymer was first melted for one minute and to this half portion of fiber was added and the mixing was continued for another one minute. The sequence is again repeated for 2 to 3 min with the remaining portion of polymer and the mixing was continued up to 10 min after adding remaining portion of the fiber at 3 rd min at a constant rotor speed of 80 rpm. The modifier (MA-g-PB) was incorporated by first warming the modifier at 70-80°C and then added dropwise to the short fiber taken in a flask/beaker and stirring with a magnetic stirrer at 100°C for 10 minute at low speed. The compatibilizer/fiber mix is then added into the mixing chamber containing the molten polymer at the 2 nd min in one stretch and continued the mixing up to 10 min at the same rpm. After the mixing is over, the composite was discharged and passed through a two roll mill once to get a flat sheet. The sheet was then pressed in a compression molding press (Moore Press, Birmingham, UK) at 100°C for 3 min at a pressure of 7 MPa and then cooled down to room temperature under the same pressure by circulating cold water to get randomly oriented fiber composites (composites in unsheared condition). Composites with a high degree of fiber orientation (composites in sheared condition) were prepared by extrusion of the fiber/matrix blend through a circular die using a twin screw extruder fitted with Haake Rheomix 600 OS. The processing conditions followed for this extrusion are presented in Table 3 . Extrudate were cut, stacked side by side and compression molded using the same conditions mentioned above.
Characterization of the composites
Mechanical properties
The dumb-bell shaped specimens of the composites in parallel and perpendicular directions with respect to the mill direction used for testing were die cut from the compression molded sheet and the testing was done after 24 hours of maturation at room temperature. Tensile properties were measured according to ASTM D 412-98A using a universal testing machine Hounsfield H10KS (UK) at a constant cross-head speed of 500 mm/min. All the values were averages of three measurements.
Spectroscopic characterization
Fourier transform infrared (FTIR) spectra were recorded in the range of 400-4500 cm -1 using a Perkin-Elmer FTIR Spectrometer (model Spectrum RX-I) with a resolution of 4 cm -1 . Films of approximately 0.1 mm thickness were obtained by compression molding 1-2 gram sample using a laboratory press (temperature:100°C and pressure 7 MPa).
Dynamic Mechanical Thermal Analyses (DMTA)
Dynamic mechanical thermal properties of the composites were measured using a dynamic mechanical thermal analyser (DMTA 2980 V1.7B, TA instruments, USA) in dual cantilever mode. The temperature sweep study was made from -80 to +80°C at a heating rate of 3°C/minute and a frequency of 1 Hz. The storage modulus and loss tangent were recorded for all the samples under identical conditions.
Thermal Degradation Studies (TGA)
Thermal stability of the composites were measured by thermogravimetric analyses (TGA) using Q50 V6.1 series, TA instruments (New Castle, Delaware), from ambient temperature to 600°C at a programmed heating rate of 10°C/min under nitrogen atmosphere. A sample weight of 8-10 mg was taken for all the investigation. The weight loss against temperature was recorded. Morphological Analysis-Tensile fractured samples of the composites were analysed using a JEOL (JSM 5800, Japan) scanning electron microscope (SEM). The samples were sputter coated with gold prior to the analyses.
3. Results and discussion 3.1. Effect of short fiber loading on the mixing characteristics and mechanical properties The mixing torque-time relationship of the EOC/ short fiber composite as a function of short fiber loading and length is shown in Figure 1 and Table 4 . The characteristics of these torque curves show high initial torque with irregular broad peaks from 0 to 4 minutes, is due to the sequential feeding of the matrix material in the pellet form followed by the nd and 3 rd minutes of mixing. Since the torque sensing is a continuous process throughout the mixing cycle, it shows a lower torque at these points. The mixing torque starts to stabilize immediately and shows a plateau region of nearly constant mixing torque after all the mixing sequence is over. The stabilized torque value of the polymer/fiber composite and the melt temperature were found to increase with increase in both short fiber loading and length. The torque is seen to increase progressively to approximately 67% of pure EOC when 10 phr of 3 mm short fiber is added to the matrix melt. At a constant loading of 5 phr, for 1, 3 and 6 mm short fibers the percentage rise of torque with respect to the pure EOC were 17, 40 and 88% respectively. This effect may be explained with the change in melt viscosity of the polymer fiber composite as a result of fiber addition. Fibers, when added into polymer melt tend to perturb the normal flow of the pure EOC melt by hindering the mobility of chain segments in flow [25] . This results in a fiber filled system with a higher melt viscosity than the pure polymer. Increasing the fiber content and aspect ratio (here aspect ratio varies only because of increased fiber length) further restrict polymer flow which leads to an increased viscosity of the EOC/short fiber suspension. Since viscosity is directly related to torque (at constant temperature and rotor speed), it requires higher torque for compounding. The increase in the melt temperature with increase in short fiber loading and length can be thought of frictioning between the fiber and the polymer and between fibers during the shear mixing.
Mechanical properties of the composites (a) Effect of short fiber length and loading
Fiber length, more precisely the aspect ratio of the fiber (ratio between the length and diameter of the fiber) and its concentration are some of the most important parameters controlling the mechanical properties of the composites. Fiber length influences the extent of load transfer from matrix to fiber. The minimum fiber length at which the extent of load transfer is maximum is called the critical fiber length. If the fiber length is less than the critical fiber length, the stress transfer from the matrix to the fiber will not be effective as a result the reinforcement will be insufficient. On the other hand, if the fiber length is greater than the critical fiber length, the shear stress transfer across the interface Figure 2. Stress-strain curves of EOC/short fiber composite as a function of fiber loading and length from matrix to the fiber will build up sufficient tensile stress in the fiber to its tensile strength leading to fiber fracture. Furthermore, the high length fibers may undergo entanglement with each other causing aggregate lumps of fibers which act as stress concentrated points, as a result the stressed composite leads to a low strain failure or brittle failure [26] [27] [28] . The stress-strain behavior and the corresponding tensile properties such as tensile strength, elongation at break, Young's modulus, low strain modulus (10%) and high strain modulus (100% ) as a function of short fiber length and loading are displayed in Figure 2 and Table 5 respectively. Pristine EOC shows a stress-strain curve with a strain hardening effect [29, 30] . Addition of 1mm short fiber, even at a loading of 10 phr does not make any impact of the inherent strength and modulus of the short fiber on EOC matrix. In other words, incorporation of 1mm short fiber does not alter the original deformation behavior of the neat EOC to a greater extent. This means that Technora is not effectively reinforcing the EOC matrix at a fiber length of 1mm even at a concentration of 10 phr. This may be due to the insufficient stress transfer from matrix to fiber because of the low aspect ratio of the fiber (average aspect ratio of 1 mm short fiber is only 96) and the inability to make a pronounced micromechanical interlocking between the fiber and the matrix [31] . With the addition of 3 mm short fiber having an average aspect ratio of 275, impart a significant improvement in low strain modulus at a fiber loading of 10 phr. The deformation behavior of 10 phr 3 mm fiber loaded composite shows different characteristics regions such as a well pronounced linear elastic region; a yielding followed by a drop in stress, a short plastic deformation region followed by an increase in stress and finally fracture. This is a synonymous stress strain behavior of a semi crystalline polymer. This can be attributed that as the aspect ratio of the fiber increases, there is a possibility of more mechanical interlocking between the fiber and the polymer. As a result of this higher force is required to cause an initial deformation which is responsible for the high stress value in the low strain region. The moment at which the disentanglement occurs between the polymer and the short fiber beyond the yield point it experiences a sudden drop in the stress. The orientations of the short fibers in the direction of force at higher deformation are responsible for the further increase in the stress. In other words, 3 mm short fiber even at a loading of 10 phr allows the inherent onset of strain hardening behavior of the virgin EOC matrix at high deformation (greater than 300%). Incorporation of 6mm short fiber with an average aspect ratio of 550 also exhibit more or less similar kind of deformation behavior as in the case of 3 mm fiber loaded composite up to a fiber loading of 5 phr. However, at 10 phr fiber loading, it shows a steep rise in the stress at a low strain level (20%). This steep rise in stress at low strain level at 10 phr of fiber loading compared to 1 and 3 mm fiber loaded composites can be attributed to the fact that more efficient stress transfer is taking place in the case of 6 mm short fiber filled composite. However, the fiber aggregates developed in the composites due to the improper fiber dispersion of the 6mm fiber act as a point of weakness which leads to a brittle kind of failure by the application of strain.
(b) Effect of fiber orientations
The performance of any short fiber reinforced polymer composite is depend upon the extent of fiber orientations. The efficiency of stress transfer is higher if the fibers are oriented parallel to the direction of application of force [32] . The tensile properties of a 10 phr loaded composites in longitudinal (L) and transverse (T) directions as a function of fiber length is shown in Table 6 . The orientation effect of low fiber loaded composites are not considered here because, at low fiber loading, though they are oriented in the flow direction when they are allowed to pass through a 2 mm extrudate die as shown in Figure 3 , the fibers can easily move around and lose their orientations during mold flow in the molding operations. Since the movement of fiber is restricted at high fiber loading during compression molding, the percentage orientation will be more in high fiber loaded composite. The optical micrograph of a 3 mm 5 phr and 10 phr loaded composites are shown in Figure 4a -d gives qualitative information of fiber orientation of the composite in their natural and sheared condition respectively. The mechanical properties displayed in Table 6 , it is clear that 1mm fiber does not make much impact on the properties due to poor orientation where as 3 and 6 mm fiber loaded composite, the properties such as tensile strength, low strain modulus and Young's modulus were always higher in longitudinal direction than the composites with transverse fiber orientations.
(c) Effect of MA-g-PB
The behavior and performance of a short fiber/polymer composite cannot be explained only in terms of the specific properties of its components such as the fiber and the matrix. The interface that exists between the fiber and the matrix is also a main component of the composite. A strong interfacial adhesion between fiber and matrix is a precondition for transfer load from matrix to fiber. An extremely weak fiber/matrix interface may result in complete fiber interfacial debonding and pullout, producing a significant loss in composite strength with no or minimal improvement in composite toughness [33] [34] [35] . From the analyses of the mechanical properties of EOC/Short fiber composites, it is understood that the tensile strength and break elongation of the composite decreases as a function of fiber loading. This may be due to the inability to form a good interface between the fiber and the EOC matrix due to a huge polarity mismatch between the two. A drastic decrease in the break elongation and a brittle kind of failure at a very low strain in the case of a 10 phr 6 mm fiber loaded composite may be due to the aggregate formation because of the fiber entanglement at higher fiber loading. In order to find a solution for both the poor interfacial adhesion between the EOC and the fiber and the poor fiber [36, 37] . From our earlier communication, we have done an optimization of the level of MA-g-PB based on the mechanical properties as 3 phr. The tensile stress vs strain ploat of 10 phr 6 mm short fiber loaded composite before and after the addition of a 3 phr MA-g-PB is shown in Figure 5 . From the figure it is clear that addition of MA-g-PB increases the area under the stressstrain curve by concomitantly increasing the ultimate tensile strength and the percentage break elongation without affecting Young's modulus. This observation suggests the potential use of MA-g-PB as an impact modifier to dissipate grater amount of energy before failure in the case of high length (6 mm) and high fiber loaded composite. It has also been observed that incorporation of MA-g-PB tremendously improves the quality of fiber dispersion in the matrix as evidenced from the molded composite (shown as insets in Figure 5 ) which was totally free from any kind of fiber aggregation to act as a stress concentrated points or failure points. A high quality of fiber dispersion could be easily achieved even in the case of a 20 phr 6 mm fiber loaded composite. This uniform fiber dispersion could be one of the reasons for the improved tensile strength and elongation. Since the intake of 6 mm fiber loading gets enhanced with MA-g-PB without any dispersion problem, the toughness to stiffness balance of the composite can also be maintained with higher fiber loading, which is evident from the stress-strain behavior of 20 phr fiber loaded composite with only 3 phr MA-g-PB shown in Figure 5 . The enhancement in tensile strength coupled with elongation and a uniform fiber dispersion of the composites clearly indicate that the use of MA-g-PB promotes the interfacial interaction. Figure 6 scheme I demonstrates one of the plausible expected interaction mechanism between the RFL coated aramid fiber and maleic anhydride adducted 1, 2 polybutadiene. It is believed that the butadiene segment (non polar) of MA-g-PB forms a compatible blend with the bulk EOC and the polar anhydride via the formation of H-bonds with the hydroxyl groups on the coated fibers and therefore forms a bridge at the interface between the two. This interface interaction enhances the stress transfer from the matrix to the fibers leading to higher tensile strength.
Fourier transform infrared spectroscopy (FTIR)
FTIR spectroscopy was used to explore the detailed chemical modification involved between RFL coated aramid fiber and MA-g-PB. Figure 7 shows the FTIR spectrum of (a) MA-g-PB, (b) RFL coated fiber and (c) MA-g-PB treated RFL coated fiber. The inset picture indicates an enlarged view between the frequency ranges of 1500 to 2000 cm -1 . The characteristics bands correspond to the symmetrical (1775 cm -1 ) and asymmetrical (1825 cm -1 ) stretching frequencies generated from the -CO-group of the anhydride part of MA-g-PB as shown in Figure 7a . These peaks were found disappearing with the formation of new peaks at 1710 and 1737 cm when it was treated with RFL coated aramid fiber at 100°C. The peaks at 1710 cm -1 indicate the hydrogen bonded acids and the peaks at 1737 cm -1 indicates the ester carbonyl groups [38] . Based on this FTIR result a new reaction mechanism is proposed as shown in scheme II of Figure 6 . It is believed that when MA-g-PB is treated with RFL coated aramid fiber at 100°C, the anhydride group of which gets converted into an ester by reacting with the hydroxyl group from the RFL coated fiber. A similar kind of interaction mechanism was reported by Liu and Dai [39] between jute fiber and MA-g-PP emulsion. According to the expected mechanism shown in scheme I, if there is any H-bonding which exists between the functionalized fiber and the MAg-PB; the -CO-stretching frequencies of the anhydride group should have been shifted to a lower frequency side by a maximum of 5 to 10 cm -1 . The non-occurrence of such a possibility may be due to the pronounced reaction as shown in scheme II and the difficulty in detect and distinguish the same due to very low concentration of MA-g-PB being used [40] .
SEM analyses
In order to have a clear understanding of the effect of MA-g-PB on fiber dispersion in the matrix and its interface modifying effect for the improvement in tensile properties, the morphological analyses of the tensile fractured surface of a 6 mm 10 phr loaded composite with and without MA-g-PB were performed under different magnifications. Figure 8a shows the distribution of fibers in the matrix without any MA-g-PB and Figure 8b shows the same with 3 phr of MA-g-PB. It is evident from the Figure 8a that the fibers were bunched together and agglomerate in the composite. An enlarged view of a portion of Figure 8a clearly indicates that some fibers get fibrillated at the fiber end to form tiny hair like fibers during shear mixing, which act as a twine to bind other fibers together and makes aggregate lumps [41] . This results the formation of some big voids on the matrix due to fiber pullout which leads to a brittle kind of failure of the composite when strain is applied. On the other hand, from Figure 8b it is clear that after the addition of MA-g-PB, the fibers are evenly distributed in the matrix without any severe fiber aggregation. An enlarged view of a portion from Figure 8b , it is understood that, the MA-g-PB chemically bound on the fiber surface acts as a lubricant between the stiff fibers which reduces the friction between the fiber during shear mixing and enhance the wetting to disperse fibers more easily and evenly into the polymer matrix. In this case no fibrillation was observed causing any fiber aggregation. To understand the effectiveness of MA-g-PB as an interface modifying coupling agent, analyses were done on the proximal end of the fiber that is buried in the matrix which is in the process of pulling out from the matrix. Figure 9a shows one A clear debonding gap can be seen at the interface between the fiber and the matrix in composite without any modifier, whereas a tight interface between the fiber and the matrix is established after the addition of MA-g-PB. This SEM observation strongly supports the improved fiber dispersion during the mixing process and the enhancement in tensile properties encountered during the tensile testing.
Dynamic Mechanical Thermal Analyses (DMTA)
DMA is an effective tool to determine the viscoelastic parameter, such as dynamic storage modulus (E!), glass transition temperature (T g ) and damping (tan!) characteristics of polymeric materials. Storage modulus is a measure of the maximum energy stored in the material during one cycle of oscillation. The T g is defined as the region where storage modulus increases with increasing frequency at a constant temperature or the temperature at which maximum of the tan delta occurs. The ratio between the viscous modulus (E!!) to storage modulus is termed as tan delta, which is normally used to quantify the dissipation of the viscoelastic material. Figure 10a and 10b show the variation of storage modulus (E!) and the loss factor (tan!) of neat EOC and its composite with a 3 mm aramid fiber having different concentrations as a function of temperature. It can be seen that the storage modulus of the composite is always higher than that of the neat matrix throughout the temperature range and is found to increase as the short fiber content increases. It is also evident from Figure 10b and Table 7 that the mechanical damping efficiency (tan!) of the composites decreases as the fiber loading increase. The increase in E! and the decrease in tan delta peak height can be attributed to the restricted mobility of the polymer chain by the stiff fibers due to the reinforcement imparted by the fibers to the EOC matrix. To get more insight into the reinforcement of EOC with aramid short fiber, the variation of storage modulus and the relative or normalized storage modulus at various temperatures as a function of fiber loading were analysed and is displayed Table 8 . From the table, it is clear that though the drop in modulus of the composite accelerates as the temperature increases, the relative or normalized drop in modulus decreases with increase in temperature. This may be due to the restriction of the polymer flow because of the fiber-matrix interaction. The effectiveness of Technora fiber on the improvement of storage modulus (E!) of EOC as a function of fiber loading was also evaluated on the basis of a coefficient 'C', using the Equation (1): (1) where E! g and E! r are the storage modulus values in the glassy and rubbery regions respectively [42, 43] . The base matrix used here is considered as the resin. The measured E! value at -33 and 20°C were used as E! g and E! r respectively. Generally the lower the value of the constant C, the higher is the effectiveness of filler as a reinforcing agent. In our system, the C value of EOC/SF composite obtained for different fiber loading is given in Table 8 . Lowering of 'C' value as a function of fiber loading indicates the effectiveness of aramid fiber as reinforcing filler for EOC matrix. The lowest values of C at highest fiber loaded system indicates an efficient stress transfer from the matrix to fiber at this concentration.
Thermal stability of the composites
The thermogravimetric analyses has been performed to understand the degradation and the ther- Figure 11a represents the thermogravimetric curves (TG) and the corresponding differential thermogravimertic curves (DTG) of neat EOC matrix, RFL dipped aramid short fiber and the composites of EOC/aramid fiber as a function of fiber loading at a fixed fiber length of 3 mm. The TG and DTG curves obtained for the composites as a function of short fiber length at a fixed fiber loading of 5 phr is given in Figure 11b . Single stage degradation peak was found in all the cases. Table 9 represents the onset of thermal degradation (T i ), maximum degradation temperature (T max ) and the maximum rate of degradation for the EOC/Sort fiber composite as a function of fiber length and loading. It is evident from the Table 9 that the point of onset of degradation of the neat EOC is shifted from 376 to 397°C with the addition of only 3 phr of short fiber and is further increased to 421°C at 10 phr fiber loading. Moreover, the maximum degradation temperature of EOC is also shifted to a higher temperature regime with the incorporation of the short fiber and is increased further as a function of fiber loading. These results confirm that the thermal stability of the EOC has been tremendously improved with the incorporation of short aramid fiber. This improvement in thermal stability can be attributed to the inherent high temperature stability of the aramid fiber and its reinforcing effect on EOC matrix. From the Figure 11b it is clear that variation of short fiber length does not have any significant influence on the thermal degradation behavior of the composite. The incorporation of the MA-g-PB ( Figure 11 ) also doesn't make any significant changes in the thermal behavior of the composite.
Conclusions
EOC/short aramid fiber composites were developed with three different fiber lengths (1, 3 and 6 mm) and the mechanical and thermomechanical properties were evaluated in presence of an interface modifying coupling agent. From our observations and analyses the following conclusions can be drawn: (I) Incorporation of 1mm short fiber does not affect the original deformation behavior and the mechanical properties to a significant level; however, it offers good thermal stability. (II) 3 mm short fiber loaded composite shows an overall good balance in mechanical properties, fiber dispersion and the thermal properties at a fiber loading of 5 phr. (III) 6 mm short fiber loaded composite increases the stiffness and thermal stability of the composite by sacrificing the toughness due to severe fiber aggregation. (IV) The thermal stability of the composite increases with short fiber loading but, it is independent of fiber length. (V) The stress-strain behavior, FTIR analyses and the morphological studies of the tensile fractured surfaces of 6mm short fiber filled composite in presence of MA-g-PB strongly support its efficiency as a potential interface modifier as well as a fine dispersing agent for EOC/ Short fiber composite. The intake of 6 mm fiber loading gets enhanced in presence of MA-g-PB without any dispersion problem. It can be used as an impact modifier to maintain the toughness to stiffness balance of the composite using higher fiber loading which is evident from the stress-strain behavior of 20 phr fiber loaded composite with only 3 phr of MA-g-PB. 
